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Mapping the molecular characteristics of Brazilian human T-cell lymphotropic virus type 1 Env (gp46) and Pol amino acid sequences for vaccine design
The human t-cell lymphotropic virus type 1 (HTLV-1) is the etiologic agent of adult T-cell leukemia lymphoma (ATLL) (Poiesz et al. 1980 ) and tropical spastic paraparesis/HTLV-1 associated myelopathy (TSP/HAM) (Gessain et al. 1985 , Osame et al. 1986 ). This infection is endemic in Japan, in the Caribbean Basin, some South American, and African regions (Mueller 1991) , while there are 2.5 million HTLV-1 infected people in Brazil (Carneiro-Proietti et al. 2002) . In contrast, only 5% of infected people develop the associated disease, and it is not yet known why 95-98% of them remain asymptomatic. The envelope glycoproteins of this virus are known to play a critical role in the infection process. The surface glycoprotein (gp46) subunit is involved in cellular receptor recognition, while the transmembrane glycoprotein (gp21) subunit anchors the gp46 to the cell and plays a major role in the post-binding steps of the fusion process, resulting in the formation of multinucleated giant cells named syncytia. These envelope proteins are expressed on the surface of virus-infected cells and on viral particles and they are the first to be recognized by the host in the course of the natural immune response (Nagy et al. 1983 , Palker et al. 1989 ), in such a way that HTLV-1 infected individuals develop a strong immune response to the envelope (env) gene products. Several studies have focused on mapping linear immunodominant regions of the HTLV-1 surface glycoprotein that could elicit antibody responses, for the purpose of vaccine development and diagnostic screening (Tanaka et al. 1991 , Inoue et al. 1992 , Kuroki et al. 1992 , Baba et al. 1993 , Desgranges et al. 1994 . Specific antibodies against envelope determinants can inhibit HTLV-1-mediated syncytium formation, suggesting possible protection from the infection cycle (Hadlock et al. 2002) . Multiple neutralizing monoclonal antibodies to linear epitopes within amino acids 175-200 of the gp46 and more rarely to epitopes into the carboxy terminal of the protein have been described using immunoreactive assays (Baba et al. 1993 ). The antiviral cytotoxic T-lymphocyte (CTL) is activated in vivo and directed mainly to the HTLV-1 Tax regulatory protein and to a lesser extent to the structural Gag, Env, and Pol proteins (Kannagi et al. 1991 , Parker et al. 1992 , Elovaara et al. 1993 , Pique et al. 1996 .
Possible strategies for vaccine development should evaluate the antigenic capacity of viral peptides in stimulating the humoral and cellular immune responses. Therefore, a vaccine development process would be more specific if the practice of screening important genomic re-gions would be carried out. This study was therefore developed to evaluate the molecular pattern of all available Brazilian HTLV-1 Env and Pol sequences concerning to: physico-chemical analysis, to infer the peptide capacity of generating functional antibodies; protein potential site analysis, to get information of a possible immune system escape mechanism, such as changes in the protein structure; and epitopes prediction, to identify the possible targets for B and T-cells through human leukocyte antigen (HLA) molecules presentation. Furthermore, it is important to make sure that bioinformatic tools are safe and precise for screening new peptides to be tested in vitro.
MATERIALS AND METHODS
Sequences selection -All sequences analyzed in this study were selected from the GenBank, between March and May 2006. There were 44 available pol gene nucleotide sequences in the GenBank, but one of them (U12108) were rejected from the analysis because it was a too short (140 pb) fragment. At that time also, there were about 59 available env gene nucleotide sequences, but 44 of them were rejected from the analysis because they were isolated from Argentine, Caribbean, Romanian, and South African infected individuals, and because they were fragments with less than 500 pb. So, we have analyzed 15 env gene sequences, corresponding to the nucleotide 535 of gp46 to 153 of the gp21, and 43 pol sequences, from nucleotide 2,058 to 2,375, that represent all env and pol virus strains isolated from Brazilian individuals until May, 2006 . To perform all analyses, two alignments (env and pol) were carried out with the ATK1 reference strain (Seiki et al. 1983 ) using the Clustal X 1.83 software (Jeanmougin et al. 1998) .
All env nucleotide sequences previously deposited in the GenBank and used in the study are listed below with their corresponding accession number: PT9ATL (U81869); PT12ATL (U81865); PT3ATL (U81866); PT5ATL (U81867); PT8ATL (U81868) Epitopes prediction -Before performing the epitope prediction, we have screened from the literature, 12 and 4 peptides previously described and tested in vitro (Horal et al. 1991 , Baba et al. 1993 , Pique et al. 1996 , Schonbach et al. 1996 , corresponding to the env and pol gene, respectively. The main criterion used to screen the peptides were their frequency in the papers. The epitope prediction was carried out for all Env and Pol amino acid sequences to 14 HLA-I (HLA A26, HLA A1510, HLA A4402, HLA A01, HLA A0201, HLA A2402, HLA A5101, HLA A03, HLA A0203, HLA A2705, HLA A6801, HLA A08, HLA A0702, HLA A2709 ) and 6 HLA-II alleles (HLA DRB1 0101, HLA DRB1 0401, HLA DRB1 0301, HLA DRB1 1501, HLA DRB1 0701, HLA DRB1 1101), using the online bioinformatics tool SYFPEITHI (Rammensee et al. 1999 ) (http:// www.syfpeithi.de/Scripts/MHCServer.dll/Epitope Prediction.htm). This tool uses an algorithm that can predict sequences that have the potential ability to bind to one or more different HLA-I and HLA-II molecules. It also provides information about the epitope sequence, the specificity to the HLA molecule and the HLA binding score for each epitope. We performed the epitope prediction to the HLA alleles available in the software which are the most frequent in the database. After epitope prediction, similarity and variation calculations were performed comparing the peptide and epitope amino acid sequences within the Brazilian sequences, to get information about the specificity of the epitope binding to the HLA molecule and a possible epitope consensus sequence among different isolates.
Physico-chemical and potential protein domain analysis -
To investigate possible influences of mutations, described into the env gene epitopes, we performed the physico-chemical analysis of the Env sequences using the Network Protein Sequence Analysis (NPSA) (Argos et al. 1982 , Kyte & Doolittle 1982 , Hopp & Woods 1983 , Karplus & Schulz 1985 , Parker et al. 1986 ) (http://npsa-pbil.ibcp.fr/) and the potential protein domain analysis using the GeneDoc software (Nicholas et al. 1997 ) and the Prosite tool, as previously described (Queiroz et al. 2007 ).
Selective pressure test -To test the hypothesis that the amino acid substitutions within the predicted epitopes into the env gene could have been favored or not by natural selection, the positive selection was assessed using six different codon-based maximum-likelihood (ML) substitution models (Yang et al. 2000) . All models were implemented in the Codeml program of the PAML software package (Yang 1997) . In agreement with a previously described study (de Oliveira et al. 2004) , the ω and p values were estimated through maximum-likelihood optimization, in such a way that using the M3 model, sites with a posterior probability exceeding 90% and a ω value > 1 were designated as being "positive selection sites". Finally, likelihood ratio test (LRT) analysis was used to determine: (1) if site heterogeneity selection was present and (2) if there were to be positive selection sites.
RESULTS
Epitopes prediction -Based on the peptide screening study, we identified the presence of 12 previously described peptides in all Brazilian Env sequences. These peptides cover the entire studied gp46 fragment and their respective locations in the protein according to ATK1 reference sequence are listed below ( Table I ). The total variation between the published peptide amino acid sequence and its composition in the Brazilian isolates was 17%, confirming that this viral protein region has too conservative characteristics. To search for possible epitopes into the peptides, we used SYFPEITHI tool. From our results, it was possible to identify one epitope in each studied peptide, demonstrating that the screened peptides are true targets for host immune response, through the recognition of an HLA-I or HLA-II specific binder. To investigate the epitopes specificity, among viral isolates, we have calculated the similarity of the amino acid epitope sequence in all Brazilian studied strains. Our results indicated that the observed mutations resulted in a total variation of 9 and 17% for HLA-I and HLA-II specific epitopes, respectively. The difference between the total variation of HLA-I and HLA-II epitopes can be explained by the fact that the typical length of HLA-I ligand comprises 9aa, while the length of an HLA-II ligand is much longer (15aa). Interestingly, both Env and Pol predicted epitopes, through the computer analysis, were able to bind more than one HLA allele, demonstrating a promiscuous behavior of those antigenic determinants and also suggesting an approach of these results to the biological significance.
A similar set of analyses such as peptide screening, epitopes prediction, and similarity/variation calculations were also carried out for the 43 Pol amino acid sequences. Only the 4 most frequent peptides previously described (Pique et al. 1996 , Schonbach et al. 1996 were screened to the Pol fragment analysis because the analyzed Brazilian sequences are just 172 amino acids longer. In such a way, all four published peptides were found in all Brazilian isolates and revealed conservative characteristics, through the amino acid peptide variation of 0.75%, which was much lower than the env gene percentages (Table II) . When we performed the epitope prediction on the Pol peptides sequences, we found 4 HLA-I specific epitopes and 4 HLA-II specific epitopes, both of them with a very low rate of total epitope variation (0.75%) (Table II) .
Physico-chemical and potential protein domain analysis -
The physico-chemical analysis demonstrated that the entire studied fragment (gp46-gp21) is characterized by high antigenicity, flexibility, and hidrophilicity profiles. Interestingly, the results demonstrated that the mutations present in 5 of 12 epitopes had increased the antigenicity profile. When subjecting these epitopes to potential protein domain analysis to investigate if the mutations in the epitope had changed any signature into the protein (Table I) , we observed that the D197N mutation in the first epitope (195-207aa) was the cause for the loss of a CK2-phosphorylation site (Fig. 1A) . Similarly, the tenth epitope (238-250aa) which was charac- terized by both S246Y and V247I mutations did not show the N-glycosylation site present in the epitope without these mutations (Fig. 1B) .
Selective pressure test -ML methods were used to asses amino acid variation and identify targets of positive selection. The faction of sites (p 1 , p 2 , p 3 ), with the respective w (dn/ds) values for each model (M0-M3, M7-M8) are presented in the Table III. Although the env gene is considered to be too conservative, it was possible to identify 8 sites (codons) which are positive selected (w = 9.59) using models M2-M3 and M8. The LRT comparing the models support these results (p < 0,005).
DISCUSSION
In the present study, we have identified a set of multiple HLA-A and HLA-DR binding CD8 and CD4 T-cell epitopes, respectively, derived from the computer analysis performed at the SYFPHEITHI tool. The identified epitopes are conserved motifs into the envelope protein of viral isolates, since the variation of amino acid in the epitopes sequences was less than 20%. The knowledgement about the epitope sequence variation has great importance because the similarity between the predicted epitopes could be very useful to design an efficient vaccine for most common viral isolates. Furthermore, other studies using sera from HTLV-1-infected individuals have identified mutations within amino acids 175-200 that can affect antibody-mediated neutralization of HTLV-1 gp46-mediated syncytium formation (Blanchard et al. 1999 , Tallet et al. 2001 . Moreover, the observation of which alleles could bind to the mutant epitope is important, because the epitope containing the wild anchor motif could bind better to HLA molecules than other mutant motifs. Identifying which HLA allele the epitope is specific for could be also very useful to direct vaccine design for a specific population whose most frequent alleles have the strongest epitope's binder. Moreover, the computer epitope prediction is already used to the engineering of an HIV vaccine, confirming the utility of bioinformatics tools to select and construct novel "im-munogenic consensus sequence" T cell epitopes for a globally relevant vaccine against HIV (De Groot et al. 2005 , Fonseca et al. 2006 . The epitope prediction performed in this study is based on comparisons of precursor peptide sequences known to contain epitopes. It is the discovery of allelespecific motifs shared by eluted natural MHC ligands that allow the exact prediction of peptides from a given protein sequence. Every HLA allele has its individual peptide specificity that is defined by the position and specificity of the anchoring and non-anchoring amino acid residues. SYFPEITHI uses motifs matrices deducted from refined motifs based on a given pool of sequences and a single peptide analysis to search for natural ligands.
Although, these data had been obtained in computer analysis, our results are in agreement with experimental studies that have selected Tax and Env peptides to induce secretion of gamma interferon in peripheral blood mononuclear cells obtained from monkeys chronically infected with HTLV-1. After immunization, a high titre of antibodies and a high frequency of IFN-δ-producing cells were detected against the Env and the Tri-Tax immunogens, but not to the individual Tax peptides (Kazanji et al. 2006) .
In line with previous reports, the post-transcriptional modifications, especially the glycosylation events are related to the formation of neutralizing antibodies, what explain our intention to compare the epitopes prediction results with carbohydrate moieties. Besides, there is an effort to engineer conformationally dependent HTLV-1 epitopes that elicit a protective immune response, especially a specific immune recognition and antibody responses (Kaumaya et al. 1995) .
The physico-chemical analysis demonstrated that the entire studied fragment (gp46-gp21) had high antigenicity, flexibility and hidrophilicity profiles, and that mutations in that region could be important to the conformational epitope. This strategy is already investigated by previous studies, which report that peptide vaccines, to be able to induce high affinity and protective neutralizing antibodies, must rely in part on the design of antigenic epitopes, that mimic the three-dimensional structure of the corresponding region in the native protein (Sundaram et al. 2004) .
It is known that a single-nucleotide mutation into an immunodominant CTL epitope can lead to viral escape and increased viral replication in HIV studies. Although there are no studies referring this experience with HTLV-1 isolates, two sites under positive selective pressure in our analysis were also responsible for the loss of CK2-phosphorylation and N-glycosylation moieties. This finding is very important to underscore the importance of the env gene to the immune response, and to confirm that this region is hardly submitted to the selective pressure, and also to the viral fitness.
Concerning that the proteins encoded by pol gene are not strong immune response inducers and that they are neither under positive selection nor an antibody response target, the Pol peptides were not submitted to physicochemical analysis nor potential domains.
This study was conducted with all available viral sequences isolated from Brazilian infected individuals with the objective to obtain a national panel of this kind of molecular investigation. In fact, there are not many Brazilian sequences of these regions available in the Gen Bank, but at least all of information here showed about epitope prediction, physico-chemical and protein potential site analysis, are new and could give support to future studies. We have not analyzed tax protein, because 197 N 197 N 197 there were only five available sequences in the GenBank at May 2006, and they corresponded to a short genomic region, but next studies should avaluate the tax protein, because the HTLV-1 tax protein is therefore a source of naturally processed epitopes presented by both HLA-I and HLA-II molecules, and are capable of stimulating both CD4+ and CD8+ T cell responses directed against tumors in vivo (Hanabuchi et al. 2001) . Nowadays, bioinformatics tools are being used to screen some immunodominant regions before testing in vitro, to get information about the genetic dynamics of the virus isolates and to monitor epidemic changes, such as their implications into the treatment response. Therefore, computer-aided analysis of protein sequences using various correlates of protein antigenicity is an important tool to the study of antigenic determinants.
